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there any association?

Sina Neshat1, Abbas Rezaei2, Armita Farid3, Rojin Sarallah4, Salar Javanshir4, Sarina Ahmadian1, Gelayol Chatrnour5, 
Padideh Daneii1, Kiyan Heshmat‑Ghahdarijani6

1Department of Internal Medicine,  School of Medicine, Isfahan University of Medical Sciences, Isfahan, Iran, 2Department of Internal 
Medicine, School of Medicine, Bushehr University of Medical Sciences, Bushehr, Iran, 3Department of Internal Medicine,  School of Medicine, 
Iran University of Medical Sciences, Tehran, Iran, 4Department of Internal Medicine,  School of Medicine, Islamic Azad University of Medical 
Sciences, Tehran, Iran, 5Department of Internal Medicine, Independent Researcher, New Jersey, United States of America, 6Heart Failure 
Research Center, Cardiovascular Research Institute, Isfahan University of Medical Sciences, Isfahan, Iran

homeostasis in body cells. Lipids can be transcription 
factors’ antagonists or agonists.[2] Other lipids regulate 
cell cycle progression and affect cell proliferation, 
migration, and apoptosis.[3] Therefore, alterations in 
serum lipid levels might contribute to carcinogenesis.

Dyslipidemia is defined as downregulated levels of 
high‑density lipoprotein cholesterol  (HDL‑C) and 
upregulated levels of TGs and low‑density lipoprotein 
cholesterol (LDL‑C) in the plasma.[4] Dyslipidemia is a 
recognized cardiovascular disease  (CVD) risk factor. 
CVDs and cancer share several risk factors including 
unhealthy diet, tobacco smoking, alcohol abuse, and 

INTRODUCTION

Cancer is a primary cause of mortality around the world 
and imposes a significant physiological, psychological, 
and financial burden on patients. According to global 
cancer statistics, 19.3 million cases of cancer were 
diagnosed in 2020 worldwide and 10 million patients died 
of cancer. The global burden of cancer in 2040 is estimated 
to rise by 47% from 2020 and reach 28.4 million cases.[1]

Lipids including triglycerides  (TGs) and cholesterols 
are necessary for storage of energy and maintenance of 
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sedentary lifestyle.[5] Dyslipidemia can also affect adaptive 
immunity by altering the function and development of 
B cells and CD8+  and CD4+  T‑cells. This can affect the 
immune systems’ antitumor activity.[2] Statins are the 
most widely used lipid‑lowering drugs, which inhibit 
3‑hydroxy‑3‑methylglutaryl coenzyme A  (HMG‑CoA) 
reductase.[6]

Accordingly, the possible association between cancer and 
plasma lipids has been a subject of many investigations. 
The graphical  abstract  show various effects  of 
dyslipidemia on cancer incidence and prognosis. This 
article reviews the relationship between total cholesterol, 
HDL‑C, TG, and LDL‑C levels and different types of 
cancer and addresses some of the molecular mechanisms 
and clinical implications of this relationship. Then, we 
examine the association between cancer and familial 
hypercholesterolemia  (FH). Finally, we investigate the 
effects of statins on different types of cancer.

We believe that elaboration of the possible impact of lipid 
components and statins on the risk and prognosis of 
cancer and their underlying mechanisms in this review 
would guide physicians and researchers to development of 
possible therapeutic interventions that can improve cancer 
patients’ prognosis and outcome. [Figure 1 and 2, Table  1]

TOTAL CHOLESTEROL

Cholesterol accounts for approximately one‑third of lipids 
in the plasma membrane and regulates its integrity, fluidity, 
and permeability. Cholesterol is essential for cell cycle 
progression and differentiation, while cholesterol‑depleted 
cells are arrested. Many critical regulators in cell 
growth, adhesion, migration, and apoptosis, such as 
mitogen‑activated protein kinase (MAPK) and epidermal 
growth factor receptor, are located in lipid rafts which 
are cholesterol‑enriched microdomains.[3] Cholesterol 
metabolism alters immune function by regulating various 
immunobiologic reactions. For example, T‑cell receptors 
are found in lipid rafts in the cell membrane. Lipid 
rafts are structures that can be affected by cholesterol 
homeostasis, which can ultimately alter the function of 
T‑cells. Enrichment of cholesterol in lipid rafts can also 
induce the proliferation and activation of neutrophils and 

macrophages.[7] Decreased HDL‑C and increased LDL‑C 
and total cholesterol can cause a rise in the levels of 
inflammatory mediators including tumor necrosis factor‑α 
and interleukin‑6 (IL‑6).[8]

Thus, abnormal levels of plasma cholesterol can lead to 
dysfunction of proteins and redox reactions and immune 
dysregulation. These disruptions increase cellular 
proliferation and angiogenesis and decrease apoptosis in 
tumors.[3] Evidence of the associations between different 
types of cancer and total cholesterol is presented below.

Gastric cancer
A recent systematic review showed that increased intake 
of cholesterol in the diet can significantly increase gastric 
cancer risk (P = 0.03).[8]

Ovarian cancer
Results of a systematic review indicated that high blood 
cholesterol had a significant association with an increased 
ovarian cancer risk.[9]

Liver cancer
A recent meta‑analysis showed that elevated total cholesterol 
had a significant inverse association with liver cancer. However, 
genetic factors might have influenced this relationship leading 
to both hypercholesterolemia and liver cancer. Furthermore, 
patients with hypercholesterolemia are frequently prescribed 
statins, affecting the pathogenesis of liver cancer.[10]

Breast cancer
Breast cancer is the most common cancer and the most 
common reason of cancer‑related mortality in women 
worldwide.[11,12] In a dose–response analysis, a nonlinear 
association was found between breast cancer and the 
amount of cholesterol in the diet. This relationship was 
statistically significant when dietary cholesterol intake 
became more than 370 mg/dL. The relative risks of breast 
cancer with 95% confidence intervals for 370, 394, and 
480  mg/dL of dietary cholesterol were 1.18  (1.04–1.34), 
1.27 (1.10–1.45), and 1.70 (1.34–2.16), respectively. One of the 
proposed mechanisms for this finding is that a cholesterol 
metabolite named 27HC can act similar to estrogen and 
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Figure  1: Cancers with increased risk associated with dyslipidemia. HDL: 
High‑density lipoprotein, LDL: Low‑density lipoprotein, TG: Triglyceride
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Figure 2: Cancers with worse prognosis associated with dyslipidemia. HDL: 
High‑density lipoprotein, LDL: Low‑density lipoprotein, TG: Triglyceride
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Table 1: The associations between cancer and dyslipidemia: A review of studies
First author 
(reference number)

Year Lipid 
component

Cancer type Results

Miao and Guan[8] 2021 Cholesterol Gastric High cholesterol was associated with significantly higher risk  (35%) of gastric 
cancer

Zhang et  al[9] 2021 Cholesterol Ovarian High cholesterol had a significant association with increased risk of ovarian cancer

Zhao et  al[10] 2021 Cholesterol Liver Higher cholesterol had an inverse association with liver cancer

Li et  al[13] 2016 Cholesterol Breast Increased cholesterol had a significant association with increased breast cancer risk

Jin et  al[14] 2019 Cholesterol Esophageal Increased cholesterol was significantly associated with increased esophageal cancer risk

Gong et  al[15] 2016 Cholesterol Endometrial Increased cholesterol had a significant association with increased endometrial cancer risk

Lin et  al[16] 2021 Cholesterol 
and TG

Cervical High cholesterol and high TG had a significant association with poor overall survival 
in patients with cervical cancer

Zhong et  al[18] 2020 HDL‑C General HDL‑C has a J‑shaped dose–response association with cancer mortality

Zhou et  al[19] 2018 HDL‑C General HDL‑C was positively associated with overall survival in patients with cancer

Jeong et  al[20] 2021 HDL‑C Hematologic Low HDL‑C had a significant association with increased hematologic cancers’ risk

Ma et  al[17] 2021 HDL‑C and 
TG

Non‑small cell 
lung cancer

Low HDL‑C  (≤1.26 mmol/L) and high TG  (>1.21 mmol/L) and were associated with 
shorter overall and disease‑free survival in non‑small cell lung cancer patients

Lin et  al[21] 2021 HDL‑C and 
LDL‑C

Epithelial 
ovarian

LDL‑C had a positive significant association with poor overall survival and HDL‑C 
had a positive significant association with better progression‑free survival in 
epithelial ovarian cancer patients

Lofterød et  al[22] 2018 HDL‑C and 
TG

TNBC TNBC patients with high HDL‑C/total cholesterol ratio  (≥0.35) had a 67% decreased 
risk of overall mortality in comparison with those with a low ratio  (≤0.27)
Overall mortality was three times higher in TNBC patients with high TG  (≥1.23 
mmol/l) in comparison with those with low TG

Tverdal et  al[23] 2021 HDL‑C Colon HDL‑C had an inverse association with colon cancer in men

Hao et  al[25] 2019 HDL‑C Clear cell 
renal

High HDL‑C predicted better cancer‑specific and overall survival in clear cell renal 
cancer patients

Lebdai et  al[26] 2018 HDL‑C Prostate Low HDL‑C independently predicted locally advanced prostate cancer

Yuan et  al[27] 2019 HDL‑C Gallbladder Low HDL‑C had a significant association with reduced overall survival in gallbladder 
cancer patients and also closely associated with distant metastasis

Notarnicola et  al[28] 2019 LDL‑C General Cancer mortality was significantly associated with elevated levels of small dense 
LDL‑C compared to the control group

Jung et  al[30] 2021 LDL‑C Prostate and 
pancreatic

LDL‑C upregulated the production of various oncogene products and promoted 
migration, invasion, and proliferation of prostate and pancreatic cancer cells

Asare et  al[31] 2019 LDL‑C Prostate Assessment of oxidized LDL‑C level could help discriminate benign prostatic 
hyperplasia from prostate cancer with a sensitivity of 69.44% and specificity of 
88.24%

Wang et  al[32] 2021 LDL‑C Pancreatic High LDLR level had a significant correlation with a poor prognosis in pancreatic 
cancer patients

Liu et  al[33] 2021 LDL‑C Small cell 
lung

High LDL‑C was a predictor of disease progression in limited‑stage small cell lung 
cancer patients and was independently associated with poor progression‑free and 
overall survival

Zhang et  al[35] 2018 LDL‑C General There was no association between levels of LDL‑C and long‑term cancer‑related 
death risk in twenty years of follow‑up

Yarla et  al[36] 2021 TG Colorectal TG was found to be a useful prognostic factor in colorectal cancer patients

Chen et  al[37] 2020 TG Colorectal High TG  (men≥1.53 mmol/L; women, ≥1.58 mmol/L) had a significant association 
with decreased overall and disease‑free survival in high‑risk Stage II or Stage III 
colorectal cancer patients who underwent surgery

Ma et  al[38] 2016 TG Prostate and 
breast

TG had no significant association with breast or prostate cancer risk

Cheng et  al[39] 2019 TG Prostate Serum lipid levels including TG had no association with recurrence in prostate 
cancer patients who underwent radical prostatectomy

Arthur et  al[40] 2019 TG and 
cholesterol

Prostate Neither TG nor total cholesterol was associated with prostate cancer mortality

Trabert et  al[41] 2021 TG Ovarian TG measured two years before diagnosis had a positive association with ovarian 
cancer risk

Lin et  al[16] 2021 TG Cervical High TG was independently and negatively associated with poor overall survival in 
cervical cancer patients

Luo et al[42] 2019 HDL‑C and 
TG

Endometrial TG/HDL‑C ratio≥1.52 independently predicted endometrial cancer and was also 
positively associated with tumor stage

TG=Triglycerides, HDL‑C=High‑density lipoprotein cholesterol, LDL‑C=Low‑density lipoprotein cholesterol, TNBC=Triple‑negative breast cancer, LDLR=LDL receptor
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induce the proliferation of breast cancer cells that are 
estrogen receptor positive.[13]

Esophageal cancer
Findings of a meta‑analysis revealed that high cholesterol 
consumption in the diet can increase the esophageal cancer 
risk in American and European individuals. The authors 
suggested that alterations in the levels of apolipoproteins 
and lipids can lead to inflammation and therefore contribute 
to carcinogenesis in esophageal cells.[14]

Endometrial cancer
A dose–response meta‑analysis showed that increased 
dietary cholesterol consumption might increase endometrial 
cancer risk. Cholesterol is the primary substrate for 
synthesizing steroid hormones, including estrogen. 
Hence, increased cholesterol concentration may influence 
endometrial cancer risk by increasing estrogen synthesis. 
In addition, increased cholesterol consumption in the diet 
is related to increased oxidative stress.[15]

Cervical cancer
A retrospective study on 583 patients with cervical cancer 
showed that high cholesterol independently predicted worse 
overall survival (P = 0.002). The suggested mechanism for this 
finding was that hypercholesterolemia as a metabolic syndrome 
could cause constant efflux of chemokines and cytokines and 
therefore induce a prolonged chronic inflammation status. This 
can lead to stimulation of myeloid‑derived immunosuppressor 
cells and ultimately cause decreased antitumor cytotoxicity 
and immune surveillance.[16]

HIGH‑DENSITY LIPOPROTEIN CHOLESTEROL

HDL‑C causes cholesterol to be reversely transported 
from peripheral cells to liver. HDL‑C can have antitumor 
activity due to its antiproliferative, anti‑inflammatory, and 
anti‑oxidation properties. Disrupted cholesterol metabolism 
caused by low levels of HDL‑C can result in carcinogenesis 
and cancer progression.[17]

A meta‑analysis indicated that HDL‑C had a significant 
dose–response association with mortality from cancer 
in a J‑shaped pattern. The lowest risk was at levels of 
64–68 mg/dL. Both higher and lower levels conferred an 
increased cancer mortality risk.[18] Another systematic 
review showed that the death risk in cancer patients with 
higher HDL‑C was 37% lower than those with lower 
HDL‑C (hazard ratio [HR] = 0.63 [0.47–0.86]). The relapse 
risk in cancer patients with higher HDL‑C was also 35% 
lower than those with lower HDL‑C  (HR  =  0.65  [0.48–
0.89]).[19] Evidence of the associations between different 
types of cancer and HDL‑C is presented below.

Hematologic cancers
A recent study showed that reduced HDL‑C had a 
significant association with increased hematologic 
cancer risk, including different types of leukemias and 
lymphomas. The authors suggested that low HDL‑C 
can be considered an independent risk marker for these 
malignancies. Immune‑induced inflammatory reactions 
lead to alterations of oncogenes and leukemogenesis. 
HDL‑C, especially its protein constituent apolipoprotein 
A‑I, may protect against hematologic cancers through its 
anti‑inflammatory and antioxidant properties. HDL‑C also 
inhibits proliferation of myeloid cells through reduction of 
their progenitors and IL‑3 in the bone marrow. In multiple 
myeloma, IL‑6 activates Ras/MAPK pathway which leads to 
cellular proliferation. Lack of anti‑inflammatory activities 
of HDL‑C may result in increased IL‑6 which activates this 
carcinogenic pathway.[20]

Lung cancer
A retrospective review showed that preoperative serum 
HDL‑C independently predicts overall and disease‑free 
survival in non‑small cell lung cancer patients. They found 
that patients with low preoperative HDL‑C (≤1.26 mmol/L) 
had reduced disease‑free and overall survival.[17]

Ovarian cancer
Another study indicated that higher HDL‑C was 
significantly associated with increased progression‑free 
survival  (HR  =  0.491  [0.247–0.975]) in epithelial ovarian 
cancer patients. Patients with higher HDL‑C (≥1.19 mmol/L) 
had better progression‑free survival in comparison with 
those with lower HDL‑C (P = 0.001).[21]

Breast cancer
Another study showed that HDL‑C/total cholesterol 
ratio had a protective effect on mortality in patients with 
triple‑negative breast cancer. IL‑6 increases the progression 
of tumor in these patients. HDL‑C levels have been 
inversely associated with this cytokines’ activity. HDL‑C 
also lowers the expression of vascular endothelial growth 
factor  (VEGF). Expression of VEGF has been previously 
correlated with the potential of metastasis in triple‑negative 
breast cancer.[22]

Colon cancer
A recent study indicated that HDL‑C had an inverse 
association with colon cancer in men. They contributed this 
finding to the anti‑inflammatory properties of HDL‑C.[23]

Gastric cancer
In their retrospective cohort study, Nam et al. demonstrated 
that low HDL was associated with increased de novo gastric 
cancer risk (HR = 2.67 [1.14–6.16]).[24]
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Renal cancer
Higher  HDL‑C had  a  s ign i f i cant  assoc ia t ion 
with increased overall  (HR  =  0.32  [0.13–0.78]) and 
cancer‑specific  (HR  =  0.42  [0.15–0.99]) survival in clear 
cell renal cancer patients. The suggested mechanism was 
that HDL‑C can inhibit the synthesis of the membranes of 
tumor cells through removing cholesterol from membrane 
lipid rafts.[25]

Prostate cancer
Low HDL‑C independently predicted the local advancement 
prostate cancer in one study. Intracellular cholesterol was 
previously shown to act as a substrate in de novo androgen 
synthesis. Therefore, its high levels can contribute to the 
progression of prostate cancer. HDL‑C may subside disease 
aggression through removal of cholesterol from cancerous 
cells and delivering them to the liver.[26]

Gallbladder cancer
Low HDL‑C had a significant association with decreased 
survival in gallbladder cancer patients in one study. 
HDL‑C was suggested as a prognostic marker in these 
patients. Preoperative serum HDL‑C also had a significant 
association with distant metastasis of gallbladder 
cancer.[27]

LOW‑DENSITY LIPOPROTEIN CHOLESTEROL

Particles of LDL‑C activate platelets and damage vascular 
endothelium, thereby initiating and continuing cellular 
inflammation. Smaller LDL‑C molecules transport more 
easily through the endothelial cells and induce more 
severe oxidative damage. A previous study showed that 
people who had died from cancer had significantly elevated 
levels of small dense LDL‑C compared to the control 
group.[28] Evidence of the associations between different 
types of cancer and LDL‑C is presented below.

Breast cancer
LDL‑C can affect cell adhesion, migration, proliferation, and 
the sensitivity to radiotherapy in breast cancer cells. Patients 
with breast cancer have increased oxidized LDL in their 
serum which alters the structure and decreases the repair 
of DNA and promotes signaling cascades of oncogenes.[29]

Prostate and pancreatic cancers
Results of an in vitro study showed that LDL‑C promoted 
proliferation, invasion, and migration of prostate and 
pancreatic cancerous cells and upregulated various 
oncogenic genes’ expression.[30] Asare et  al. showed that 
assessing oxidized LDL‑C levels could help discriminate 
benign prostatic hyperplasia from prostate cancer with a 
specificity of 88.24% and sensitivity of 69.44%.[31]

Ovarian cancer
Overall survival was found to be longer for patients 
with epithelial ovarian cancer who had lower LDL‑C 
(<2.76 mmol/L) in comparison with those with higher LDL‑C 
(≥2.76 mmol/L) in another study (P = 0.028).[21]

Pancreatic cancer
A retrospective study indicated that LDL‑C receptor (LDLR) 
was a potential prognostic factor for pancreatic cancer, and 
high LDLR has a significant correlation with poor outcomes. 
LDLR increases cellular cholesterol by receptor‑mediated 
endocytosis. Due to the previously mentioned effects of 
cholesterol on cell cycle progression, increased cholesterol 
levels may contribute to carcinogenesis.[17,32]

Lung cancer
One study indicated that the amount of increase in LDL‑C 
was a predictor of cancer advancement and the number 
of sites involved in limited‑stage small‑cell lung cancer 
patients, and that elevation of LDL‑C could independently 
predict poor overall survival and progression‑free 
survival.[33] Similar results from another study also 
showed that higher LDL‑C and LDLR had an independent 
association with poorer overall survival in small‑cell lung 
cancer patients.[34]

In contrast, an epidemiological study was conducted on a 
large Chinese population and found no association between 
levels of LDL‑C and long‑term risk of cancer‑related death 
in 20 years of follow‑up.[35]

TRIGLYCERIDES

TGs are lipid components that act as an independent source 
for oxidation of fatty acids. They are believed to have a role 
in carcinogenesis through activation of cellular proliferation 
in tumors.[17] Evidence of the associations between different 
types of cancer and TG is presented below.

Colorectal cancer
According to a recent study, most molecules that mediate the 
TG anabolic pathways are overexpressed or overactivated 
in the process of colorectal cancer development. In contrast, 
most molecules that mediate the TG anabolic pathways are 
inactivated or downregulated. Enzymes that are involved 
in the metabolism of TG and fatty acids also play a role in 
colorectal cancer proliferation and progression. Therefore, 
TG could be useful as a diagnostic and prognostic marker 
in colorectal cancer.[36] Another study showed that high 
TG  (women: ≥1.58 mmol/L and men: ≥1.53 mmol/L) 
had a significant association with decreased overall and 
disease‑free survival in high‑risk Stage II or III colorectal 
cancer patients who had undergone surgical resection. The 
mechanism that the authors suggested for this finding was 
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that hypertriglyceridemia‑induced chronic inflammatory 
response could stimulate the proliferation of cancerous cells. 
TG levels also have a positive association with cytotoxic 
fecal bile acids which can cause DNA damage and cause 
colorectal cancer progression.[37]

Lung cancer
In a retrospective review, researchers found that 
preoperative serum TG can independently predict 
overall and disease‑free survival non‑small cell lung 
cancer patients. They found that patients who had higher 
preoperative TG  (>1.21 mmol/L) had shorter overall and 
disease‑free survival. The proposed mechanism for this 
finding is that high TG upregulates signaling cascades in 
the cells which accelerate the formation of reactive oxygen 
species, resulting in increased oxidative stress and cancer 
progression.[17]

Prostate and breast cancer
TG levels correlate with levels of androgens, sex 
hormone‑binding globulin, and testosterone. These 
hormones have a primary role in the formation and 
advancement of prostate cancer. Therefore, TG may alter 
the risk of prostate cancer. High levels of estrogen receptor 
in the serum cause TG levels to rise, and elevated TG 
can increase the levels of free estrogen receptor, thereby 
increasing the risk of breast cancer.[38] However, results of a 
dose–response analysis showed that TG levels did not have 
a significant association with breast and prostate cancer.[38] 
Another meta‑analysis also showed that levels of serum 
lipids including TG in patients who had undergone radical 
prostatectomy did not have a significant association with the 
recurrence of prostate cancer.[39] In a cohort study performed 
by Arthur et al. on prostate cancer patients, neither TG nor 
cholesterol had a significant association with prostate cancer 
mortality.[40]

Results of a study indicated that the overall mortality of 
patients with triple‑negative breast cancer with higher 
TG (≥1.23 mmol/L) was three times higher in comparison 
with those with lower TG (≤0.82 mmol/L) (HR = 2.99 [1.17–
7.63]). The 5‑year survival was 19% lower in the former 
group. TGs are a source of oxidation for fatty acids which 
are energy fuels for cellular proliferation. Overexpression of 
fatty acid oxidation pathways leads to increased aggression 
of cancerous cells. Metastatic triple‑negative breast cancer 
cells also produce a major portion of their required ATP 
from oxidation of fatty acids.[22]

Ovarian cancer
A nested case–control study in two cohorts in the 
United  Kingdom and the United States showed that the 
levels of TGs measured 2 years before diagnosis might have 
a positive association with ovarian cancer risk.[41]

Cervical cancer
A retrospective study on 583 patients with cervical cancer 
showed that TG levels independently and negatively 
predicted overall survival  (P  =  0.001). The suggested 
mechanism for this finding was that hypertriglyceridemia 
could induce the constant production of inflammatory 
cytokines and lead to chronic inflammation, which can 
ultimately result in the suppression of antitumor immune 
cells.[16]

Endometrial cancer
A study on 631 postmenopausal women indicated that TG/
HDL‑C ratio ≥1.52 independently predicted the incidence 
of endometrial cancer (HR = 4.123, P < 0.001). TG/HDL‑C 
ratio also had a positive association with tumor stage. 
TG is the main lipid in adipose cells and high TG causes 
these cells’ size and number to increase. The adipose 
tissue can produce aromatase, an enzyme that converts 
androstenedione to estrogen. This reaction provides 
estrogen in postmenopausal women, which induces 
proliferation of endometrial cells. Lack of progesterone 
in these women leads to unchecked cellular proliferation, 
thereby increasing the risk of endometrial cancer.[42]

Gastric cancer
In one study, TG/HDL‑C ratio independently predicted the 
5‑year mortality of gastric cancer patients.[43]

FAMILIAL HYPERCHOLESTEROLEMIA

FH is a disease with codominant autosomal inheritance 
caused by defects in proteins that facilitate the clearance 
of LDL‑C in the liver. These proteins include the LDL 
receptor which clears the LDL‑C from plasma  (most 
common), apolipoprotein B, and PCSK9 which is an 
enzyme that degrades the LDL receptor. These mutations 
accumulate LDL in the plasma and lead to an increased 
risk of CVD.[44] It was shown in a previous study that after 
a median follow‑up of 8.7 years, the risk of smoking‑related 
cancer was decreased by 20% in patients with FH; however, 
the risk of total cancer was the same compared to controls. 
The incidence of alcohol or obesity‑related cancers was 
also similar in the two groups. Smoking was less prevalent 
in patients with FH compared to controls in this study, 
which might explain the reduced smoking‑related cancer 
risk.[5] However, A systematic review on FH comorbidities, 
showed that cancer had a lower or similar prevalence in FH 
patients with respect to the general population.[45]

Another study showed that high cholesterol level affect on 
platelet activity as an inflammatory marker in FH patients 
which could be related to increase risk of cancer in these 
patients.[46]
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STATINS

Statins are the most used cholesterol‑lowering medication 
around the world. They act through inhibition of HMG‑CoA 
reductase, an enzyme that synthetizes cholesterol. Statins 
can exert anticancer effects via two signal pathways: 
dependent or independent of HMG‑CoA reductase.[6]

In the dependent pathway, inhibition of HMG‑CoA 
reductase by statins leads to blockade of conversion of 
HMG‑CoA into mevalonate, thereby reducing downstream 
products including Ras/Rho families of the mevalonate 
pathway. These products are essential for regulation of 
signaling cascades that mediate cellular proliferation. In 
the independent pathway, statins disrupt the interaction 
between intercellular adhesion molecule‑1 and lymphocyte 
function‑associated molecule‑1. This action blocks the 
migration and invasion of cancerous cells. Statins can 
also inhibit proteasomes, limiting the destruction of 
cyclin‑dependent kinase inhibitors p27 and p21. The 
reactions mentioned in these two pathways also have 
immunomodulatory and anti‑inflammatory consequences.[6] 
Evidence of the associations between different types of 
cancer and statins is presented below.

Prostate cancer
Results of a meta‑analysis showed that statin use provided 
no significant benefit for preventing low‑grade prostate 
cancer. However, statin use was significantly associated 
with a decreased risk of high‑grade prostate cancer 
(risk ratio [RR] = 0.83 [0.66–0.99]). This was explained by 
the effect of statins on apoptosis of prostate cancer cells. 
Statins were able to reduce the advancement of existing 
cancer, but not prevent cancer initiation. This study also 
showed that the risk of prostate cancer was not affected by 
long‑term use of statins.[47]

Breast cancer
A meta‑analysis of cohort studies revealed that statins 
significantly decreased cancer‑specific mortality and 
recurrence in breast cancer patients. The proposed 
mechanisms for these findings include: (1) high expression 
of HMG‑CoA reductase has an association with worse 
disease‑free survival. Statins inhibit this enzyme. 
(2) Inhibition of HMG‑CoA reductase by statins can 
lead to disruption of prenylation of proteins, which is a 
process that occurs in carcinogenic signaling pathways. 
(3) Atorvastatin induces to autophagy in cancerous cells 
of breast.  (4) Lovastatin can cause death of cancerous 
cells through interacting with p53 signaling pathway. 
(5) Simvastatin impedes pro‑angiogenic factors that are 
induced by hypoxia‑inducible factor‑1α, thereby inhibiting 
angiogenesis in breast tumors.[48]

Ovarian cancer
A meta‑analysis concluded that statins have an association 
with decreased ovarian cancer risk. This effect is different 
according to the type and duration of statin use and 
cancer type. Inflammatory conditions such as obesity and 
endometriosis increase endometrioid ovarian cancer risk. 
Smoking also increases mucinous ovarian cancer risk through 
induction of inflammation. Therefore, statins can counteract 
these risk factors through their anti‑inflammatory actions.[49]

Esophageal cancer
A meta‑analysis indicated that the use of statins was 
correlated with lower mortality risk in esophageal cancer 
patients independent of time of medication use and cancer 
subtype. HMG‑CoA reductase has been shown to have an 
essential part in the tumorigenicity of esophageal squamous 
cell carcinoma cells. Moreover, the mevalonate pathway 
is upregulated in these cells. Esophageal cancerous cells’ 
growth and viability and the expression of critical metastatic 
markers are decreased by statins. Statins can also increase 
the sensitivity to radiation in these cells.[6]

Colon cancer
A study on more than 19,000 patients with colon cancer 
undergoing elective surgery showed that statin therapy had 
a significant association with decreased cancer‑specific and 
all‑cause mortality 5 years after surgery.[50]

Pancreatic cancer
A cohort study was performed in Japan and it was shown 
that statin use had a significant association with reduced 
pancreatic cancer incidence (HR = 0.84 [0.72–0.99]), 
suggesting that statins may have a role in pancreatic cancer 
prevention.[51]

Statin in FH patients
A prospective study showed that lipid‑lowering therapy 
with statins reduced cancer‑related mortality by 37% in 
heterozygous FH patients.[52]

CONCLUSIONS

Cholesterol, HDL‑C, LDL‑C, and TG levels and statins can 
affect the incidence, progression, and prognosis of different 
types of cancer, such as lung, prostate, ovary, breast, and 
gastrointestinal cancers. Management of serum lipid levels 
through lifestyle changes and medical therapy can be 
beneficial in cancer prevention and treatment.
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